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(54) SILICON SINGLE CRYSTAL WAFER, EPITAXIAL SIUCON WAFER, AND METHOD FOR 

producing Them 



(57) A silicon wafer for epitaxial growth consisting of 
a highly boron-doped silicon single crystal wafer, an 
antimony-doped silicon single crystal wafer or a phos- 
phorus-doped silicon single crystal wafer, which allows 
easy oxygen precipitation and exhibits high gettering 
ability in spite of its suppressed oxygen concentration, 
and an epitaxial silicon wafer in which an epitaxial layer 
grown by using the aforementioned wafer as a substrate 
wafer has an extremely low heavy metal impurity con- 
centration are produced with high productivity and sup- 
plied. The present invention relates to a boron-doped 
silicon single crystal wafer having a resistivity of from 10 
- mO - cm to 1 00 mO • cm, an antimony-doped silicon sin- 
gle crystal wafer, or a phosphorus-doped silicon single 
crystal wafer, which are produced by slicing a silicon 
single crystal ingof grown by the CzochrateW method 
with nitrogen doping. The present invention also relates 
to an epitaxial wafer, wherein an epitaxial layer is 
formed on a surface of the aforementioned wafers. The 
present invention further relates to method for produc- 
ing them. 
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Description 

Technical Field 

[0001] The present invention relates to an epitaxial 
silicon single crystal wafer for the manufacture of semi- 
conductor devices with reduced heavy metal impurities 
present in an epitaxial layer, which impurities degrade 
reliability of the devices, and a boron-doped silicon sin- 
gle crystal wafer, antimony-doped silicon single crystal 
wafer, and phosphorus-doped silicon single crystal 
wafer, which serve as a substrate of the epitaxial wafer, 
as well as methods for producing them. 

Background Art 

[0002] Epitaxial silicon single crystal wafers have 
long been widely used as wafers for the manufacture of 
discrete semiconductors, bipolar ICs and so forth 
because of their excellent characteristics. Moreover, as 
also for MOS LSIs, they are widely used for microproc- 
essor units or flash memory devices because of their 
excellent soft error and latch up characteristics. Further- 
more, in order to improve poor reliability of DRAMs 
caused by the so-called grown-in defects, which are 
introduced at the time of the production of silicon single 
crystals, the need of epitaxial silicon single crystal 
wafers has been increasingly enlarged. 
[0003] However, existence of heavy metal impuri- 
ties on epitaxial silicon single crystal wafers used for 
such semiconductor devices yields poor characteristics 
of the semiconductor devices. In particular, as a degree 
of cleanness required for the latest devices, it is consid- 
ered that heavy metal impurity concentration must be 1 
x 10 10 atoms/cm 2 or less, and therefore heavy metal 
impurities existing on silicon wafers must be reduced as 
much as possible. 

[0004] Moreover, in recent researches, it has been 
pointed out that, even in such epitaxial wafers, influence 
of the grown-in defects present at surfaces of substrate 
wafers may be manifested depending on conditions of 
the epitaxial processes and thickness of the epitaxial 
layer after the epitaxial growth (Kimura et al.. Journal of 
Japanese Association of Crystal Growth, Vol. 24, No. 5, 
p.444, 1997). 

[0005] In particular, N-type substrates doped with 
antimony (referred to as "antimony-doped silicon single 
crystal wafers" hereinafter) used for low resistance 
devices have a higher grown-in defect density com- 
pared with usual P-type substrates doped with boron 
(referred to as "boron-doped silicon single crystal 
wafers" hereinafter), because the atomic radius of anti- 
mony is larger than that of silicon. Therefore, they have 
a problem that they suffer from much more significant 
influence of grown-in defects after the epitaxial growth 
compared with other substrates. 
[0006] The importance of gettering techniques has 
become increasingly higher as one of the techniques for 



reducing such heavy metal impurities. In the production 
of the epitaxial silicon single crystal wafers for logic 
devices, p++ type substrates consisting of boron-doped 
silicon single crystal wafers having a very high boron 

5 concentration expressed in terms of a resistivity of less 
than 10 mn*cm (referred to as "very highly boron- 
doped silicon single crystal wafer" hereinafter) have 
conventionally been used as substrate wafers for per- 
forming epitaxial growth, and they have afforded a 

10 higher device yield compared with substrate wafers 
consisting of p + type substrates of a high boron concen- 
tration that exhibit a resistivity of from 1 0 mn • cm to 1 00 
mn • cm (referred to as "highly boron-doped silicon sin- 
gle crystal wafer" hereinafter). However the very high 

r5 boron concentration of the very highly boron-doped sili- 
con single crystal wafer causes a problem that boron 
impurities in the substrates are once released into the 
gaseous phase and enter into the epitaxial growth layer 
again, which is called auto doping. 

20 [0007] As counter measures against such auto dop- 
ing, for example, the epitaxial growth has been per- 
formed under reduced pressure atmosphere, or CVD 
oxide films have been provided on back surfaces of the 
substrates. However, there has been a problem that 

25 these treatments all lead to reduction of productivity, 
increase of cost and so forth. 

[0008] Therefore, it was expected to use highly 
boron-doped silicon single crystal wafers, which did not 
require any countermeasure against the auto doping. 

30 as the substrate for performing epitaxial growth. How- 
ever, gettering of the highly boron-doped silicon single 
crystal wafers having a low oxygen concentration is 
segregation type gettering attained by boron atoms. 
Therefore, they suffer from a problem of lower gettering 

35 ability for heavy metal impurities of copper, nickel and 
so forth compared with relaxation type gettering 
attained by oxide precipitates. 

[0009] On the other hand, in the production of epi- 
taxial silicon single crystal wafers for CCDs. N-type sub- 

40 strates such as N-type substrate doped with 
phosphorus (referred to as "phosphorus-doped silicon 
. single crystal waters" hereinafter), and antimony-doped 
silicon single crystal wafers have conventionally been 
used as the substrate for performing epitaxial growth. 

45 However, these N-type substrates also have a problem 
that oxygen precipitation is harder to occur in them com- 
pared with the boron-doped silicon single crystal 
wafers. Insufficiency of the gettering ability due to such 
an insufficient amount of oxygen precipitation in N-type 

so substrates is a detrimental problem for devices sensitive 
to crystal defects resulting from heavy metal impurities, 
such as CCDs. 

[0010] In particular, as tor the antimony-doped sili- 
con single crystal wafers, when a silicon single crystal 
55 ingot doped with antimony is grown by the Czochralski 
method, it is extremely difficult to maintain the oxygen 
concentration in a portion having a high antimony con- 
centration obtained in the latter half of the growth of the 
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single crystal ingot, because of evaporation of antimony 
oxide. For this reason, the oxygen concentration 
becomes low, and oxygen precipitation of silicon wafers 
cut out from such a portion is inhibited. Thus, gettering 
ability required for the device production cannot be 
obtained. 

[0011 J However, if it is attempted to obtain, in the 
antimony-doped silicon single crystal wafers or the 
phosphorus-doped silicon single crystal wafers, an 
amount of precipitated oxygen comparable to that 
obtained in the boron-doped silicon single crystal 
wafers, there would be caused a problem that pro- 
longed oxygen precipitation heat treatment is required 
compared with the boron-doped silicon single crystal 
wafers, which leads to reduced productivity. 
[001 2] Specifically, as for the phosphorus-doped sil- 
icon single crystal wafers, for example, performed is a 
heat treatment called IG heat treatment comprising a 
first stage heat treatment at a high temperature of 
1100°C or higher, a heat treatment for formation of pre- 
cipitation nuclei at about 600-700°C as the second 
stage, and a heat treatment tor formation of oxide pre- 
cipitates at about 1000°C as the third stage, for several 
hours for each stage. 

[0013] On the other hand, if the oxygen concentra- 
tion of wafers can be elevated in order to increase the 
oxygen precipitation of these highly boron-doped silicon 
single crystal wafers, antimony-doped silicon single 
crystal wafers and phosphorus-ctoped silicon single 
crystal wafers, oxygen precipitation would be promoted, 
and thus the period required for such heat treatments 
may be shortened. However, the amount of precipitated 
oxygen in wafers becomes excessive, and it will cause 
problems such as deformation of wafers and reduction 
of wafer strength. Moreover, when an epitaxial layer is 
formed on the surfaces of these silicon single crystal 
wafers, there would be caused a problem that harmful 
defects are generated in the epitaxial layer due to out- 
diffusion of oxygen impurities, and adversely affect the 
characteristics of semiconductor devices. 

Disclosure of the Invention 

[0014] The present invention has been accom- 
plished in order to solve these problems, and its major 
object is to produce and supply a silicon wafer for epi- 
taxial growth consisting of a highly boron-doped silicon 
single crystal wafer, an antimony-doped silicon single 
crystal wafer or a phosphorus-doped silicon single crys- 
tal wafer, which allows easy oxygen precipitation and 
exhibits high gettering ability in spite of its suppressed 
substrate oxygen concentration that is suppressed in 
order not to cause problems such as deformation of 
waters and reduction of wafer strength, and an epitaxial 
silicon single crystal wafer in which an epitaxial layer 
has an extremely low heavy metal impurity concentra- 
tion and is grown by using the aforementioned wafer as 
a substrate wafer. 



[0015] The present invention provides, in order to 
achieve the aforementioned object, a silicon single crys- 
tal wafer doped with a dopant, which has an oxide pre- 
cipitate or oxidation induced stacking fault density of 1 x 

5 10 9 number/cm 3 or higher after a precipitation heat 
treatment of the silicon single crystal wafer. 
[0016] Such a silicon single crystal wafer doped 
with a dopant and having an oxide precipitate or oxida- 
tion induced stacking fault density of 1 x 10 s 

10 number/cm 3 or higher after a precipitation heat treat- 
ment of the silicon single crystal wafer exhibits high get- 
tering effect irrespective of the kind of the dopant. By 
using this wafer as a substrate wafer of an epitaxial sili- 
con single crystal wafer, an epitaxial silicon single crys- 

is tal wafer of high quality can be obtained. 

[001 7] The present invention also provides, in order 
to achieve the aforementioned object, a boron-doped 
silicon single crystal wafer having a resistivity of from 1 0 
mfl • cm to 100 mQ • cm, wherein oxygen concentration 

20 in the boron-doped silicon single crystal wafer is 16 
ppma according to the standard of JEIDA (Japan Elec- 
tronic Industry Development Association) or less, and 
the wafer has an oxide precipitate or oxidation induced 
stacking fault density of 1 x 10 9 number/cm 3 or higher 

25 after a precipitation heat treatment. 

[0018] Such a boron-doped silicon single crystal 
wafer having a resistivity of from 10 mQ-cm to 100 
ma • cm and an oxide precipitate or oxidation induced 
stacking fault density of 1 x 10 9 number/cm 3 or higher 

30 after a precipitation heat treatment in spite of the low 
oxygen concentration in the boron-doped silicon single 
crystal wafer of 16 ppma or less, in which oxygen is 
likely to precipitate, exhibits high gettering ability against 
heavy metal impurities such as those of copper and 

35 nickel. In addition, because of the low oxygen concen- 
tration in the wafer, deformation of the wafer or insuffi- 
cient wafer strength can be prevented. 
[0019] Furthermore, by using such a boron-doped 
silicon single crystal wafer as a substrate wafer for pro- 

40 ducing an epitaxial wafer, an epitaxial silicon single 
crystal wafer with high gettering effect and very low 
heavy metal impurity concentration in a semiconductor 
device production layer can be obtained with high pro- 
ductivity without generating harmful defects in the epi- 

45 taxial layer caused by out-diffusion of oxygen impurities. 
At the same time, it can solve the problem of the auto 
doping. 

[0020] The present invention also provide a boron- 
doped silicon single crystal wafer having a resistivity of 

so from 10 mO- cm to 100 mQ • cm, which is obtained by 
slicing a silicon single crystal ingot grown by the Czo- 
chralski method with nitrogen doping. 
[0021] When a boron-doped silicon single crystal 
wafer having a resistivity of from 10 mO-cm to 100 

55 mn * cm is one obtained by slicing a silicon single crys- 
tal ingot grown by the CzochrateW method with nitrogen 
doping, oxygen precipitation is enhanced by the pres- 
ence of nitrogen in a bulk portion of the wafer. Thus, the 
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wafer can have high gettering effect even though it has 
such a low substrate oxygen concentration as will not 
cause problems such as deformation of the wafer or 
reduced wafer strength. 

[0022] Furthermore, by using such a boron-doped s 
silicon single crystal wafer as a substrate wafer for pro- 
ducing an epitaxial wafer, incorporation of impurities 
into the epitaxial layer due to the auto doping can be 
prevented, and an epitaxial silicon single crystal wafer 
that has high gettering effect and very low heavy metal io 
impurity concentration can be obtained with high pro- 
ductivity. 

[0023] Further, the aforementioned boron-doped 
silicon single crystal wafer preferably has an oxygen 
concentration of 1 6 ppma or less. is 
[0024] With such a low an oxygen concentration of 
16 ppma or less, the risk of deformation of the wafer or 
reduction of wafer strength is further reduced. In addi- 
tion, the formation of crystal defects in the boron-doped 
silicon single crystal wafer can be inhibited, and the for- 20 
mation of oxide precipitates in the wafer surface layer 
can be prevented. Therefore, when an epitaxial layer is 
formed on the wafer surface, the crystallin'rty of the epi- 
taxial layer is not adversely affected. On the other hand, 
because oxygen precipitation is promoted in a bulk por- 2s 
tion by the existence of nitrogen, sufficient gettering 
effect can be obtained in spite of such a low oxygen 
concentration. 

[0025] The present invention further provides, in 
order to achieve the aforementioned object, an anti- 30 
mony-doped silicon single crystal wafer, which has a 
crystal defect density at a surface of the antimony- 
doped silicon single crystal wafer of 0.1 number/cm 2 or 
less. 

[0026] Such an antimony-doped silicon single crys- 35 
tai wafer having a crystal defect density at a surface of 
the antimony-doped silicon single crystal wafer of 0.1 
number/cm 2 or less is a silicon single crystal wafer in 
which the density of grown-in defects at the wafer sur- 
face is suppressed to an extremely lower level com- 40 
pared with conventional antimony-doped silicon single 
crystal wafers. Therefore, by using such an antimony- 
doped silicon single crystal wafer as a substrate wafer 
for producing an epitaxial wafer, an epitaxial silicon sin- 
gle crystal wafer having an epitaxial layer of good qual- 45 
ity can be obtained. 

[0027] The present invention also provides an anti- 
mony-doped silicon single crystal wafer, which has an 
oxide precipitate or oxidation induced slacking fault den- 
sity of 1 x 1 0 9 number/cm 3 or higher after a precipitation sc 
heat treatment of the antimony-doped silicon single 
crystal wafer. 

[0028] Such an antimony-doped silicon single crys- 
tal wafer having an oxide precipitate or oxidation 
induced stacking fault density of 1 x 10 9 number/cm 3 or « 
higher after a precipitation heat treatment of the anti- 
mony-doped silicon single crystal wafer exhibits 
extremely high gettering ability. Therefore, it can be a 



silicon single crystal wafer of extremely low heavy metal 
impurity density in the wafer surface layer. Thus, by 
using such an antimony-doped silicon single crystal 
wafer as a substrate wafer for producing an epitaxial 
wafer, an epitaxial silicon single crystal wafer having an 
epitaxial layer of good quality can be obtained. 
[0029] The present invention further provides an 
antimony-doped silicon single crystal wafer, which has a 
crystal defect density at a surface of the antimony- 
doped silicon single crystal wafer of 0.1 number/cm 2 or 
less, and an oxide precipitate or oxidation induced 
stacking fault density of 1 x 10 9 number/cm 3 or higher 
after a precipitation heat treatment. 
[0030] Such an antimony-doped silicon single crys- 
tal wafer having a crystal defect density on a surface of 
the antimony-doped silicon single crystal wafer of 0.1 
number/cm 2 or less and an oxide precipitate or oxida- 
tion induced stacking fault density of 1 x 10 9 
number/cm 3 or higher after a precipitation heat treat- 
ment is a silicon single crystal wafer in which the density 
of grown-in defects on the wafer surface is suppressed 
to an extremely lower level compared with conventional 
antimony-doped silicon single crystal wafers. In addi- 
tion, since it exhibits extremely high gettering ability, it 
can be a silicon single crystal wafer having an extremely 
low heavy metal impurity density in the wafer surface 
layer. Therefore, by using such an antimony-doped sili- 
con single crystal wafer as a substrate wafer for produc- 
ing an epitaxial wafer, an epitaxial silicon single crystal 
wafer having an epitaxial layer of extremely good quality 
can be obtained. 

[0031] The present invention also provides an anti- 
mony-doped silicon single crystal wafer, which is 
obtained by slicing a silicon single crystal ingot grown 
by the Czochralski method with nitrogen doping. 
[0032] Such an antimony-doped silicon single crys- 
tal wafer obtained by slicing a silicon single crystal ingot 
grown by the Czochralski method with nitrogen doping 
can have an extremely reduced density of large-size 
grown-in defects on the wafer surface due to the action 
of nitrogen. Moreover, oxygen precipitation is enhanced 
by the presence of nitrogen in a bulk portion of the 
wafer. Thus, the wafer can have high gettering effect 
after a heat treatment of short period of time even 
though it has such a relatively low substrate oxygen 
concentration as will not cause problems such as defor- 
mation of the wafer or reduction of wafer strength. 
[0033] Furthermore, if such an antimony-doped sili- 
con single crystal wafer is used as a substrate wafer for 
producing an epitaxial wafer, high gettering effect can 
be obtained by a heat treatment of short period of time, 
and heavy metal impurity concentration of the epitaxial 
layer can extremely be reduced, because the large-size 
grown-in defects on the wafer substrate surface are few. 
and hence adverse influence on the epitaxial layer 
becomes extremely small. Therefore, it can enable pro- 
duction of an epitaxial silicon single crystal wafer having 
an epitaxial layer of extremely high quality with high pro- 
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ductivity. 

[0034] Furthermore, the aforementioned antimony- 
doped silicon single crystal wafer preferably has an oxy- 
gen concentration of 20 ppma or less according to the 
standard of JEIDA (Japan Electronic Industry Develop- 
ment Association). 

[0035] Such a low or medium oxygen concentration 
of 20 ppma or less reduces the risk of deformation of 
the wafer or reduction of wafer strength. In addition, it 
can inhibit formation of crystal defects in the antimony- 
doped silicon single crystal wafer, and prevent formation 
of oxide precipitates in the surface layer of the wafer 
Therefore, when an epitaxial layer is formed on the 
wafer surface, the crystallinity of the epitaxial layer is not 
adversely affected. On the other hand, because oxygen 
precipitation is promoted by the existence of nitrogen in 
a bulk portion, sufficient gettering effect can be obtained 
in spite of such a low or medium oxygen concentration. 
[0036] The present invention also provides, in order 
to achieve the aforementioned object, a phosphorus- 
doped silicon single crystal wafer, which has an oxygen 
concentration in the phosphorus-doped silicon single 
crystal wafer of 18 ppma or less according to the stand- 
ard of JEIDA (Japan Electronic Industry Development 
Association), and an oxide precipitate or oxidation 
induced stacking fault density of 1 x 10 9 number/cm 3 or 
higher after a precipitation heat treatment 
[0037] Such a phosphorus-doped silicon single 
crystal wafer having an oxide precipitate or oxidation 
induced stacking fault density of 1 x 10 9 number/cm 3 or 
higher after a precipitation heat treatment in spite of the 
medium or low oxygen concentration in the phospho- 
rus-doped silicon single crystal wafer of 18 ppma or 
less, in which oxygen precipitation is likely to occur, can 
have high gettering ability against heavy metal impuri- 
ties such as those of copper and nickel even with a heat 
treatment of a short period of time. In addition, because 
of the low oxygen concentration in the wafer, deforma- 
tion of the wafer or insufficient wafer strength can be 
prevented. 

[0038] Furthermore, by using such a phosphorus- 
doped silicon single crystal wafer as a substrate wafer 
for producing an epitaxial wafer, an epitaxial silicon sin- 
gle crystal wafer with high gettering effect and a very 
low heavy metal impurity concentration can be obtained 
with high productivity by a heat treatment of a short 
period of time without generating harmful defects in the 
epitaxial layer caused by out-diffusion of oxygen impuri- 
ties. 

[0039] The present invention also provides a phos- 
phorus-doped silicon single crystal wafer, which is 
obtained by slicing a silicon single crystal ingot grown 
by the Czochralski method with nitrogen doping. 
[0040] In such a phosphorus-doped silicon single 
crystal wafer obtained by slicing a silicon single crystal 
ingot grown by the CzochralsW method with nitrogen 
doping, oxygen precipitation is enhanced by the pres- 
ence of nitrogen in a bulk portion of the wafer. Thus, the 



wafer can have high gettering effect with a heat treat- 
ment of a short period of time even though it has such a 
relatively low substrate oxygen concentration as will not 
cause problems such as deformation of the wafer or 

5 reduction of wafer strength. 

[0041] Furthermore, if such a phosphorus-doped 
silicon single crystal wafer is used as a substrate wafer 
for producing an epitaxial wafer, an epitaxial silicon sin- 
gle crystal wafer of high gettering effect and an 

10 extremely low heavy metal impurity concentration can 
be obtained with high productivity by a heat treatment of 
a short period of time. 

[0042] Furthermore, the aforementioned phospho- 
rus-doped silicon single crystal wafer preferably has an 

is oxygen concentration of 1 8 ppma or less. 

[0043] Such a low or medium oxygen concentration 
of 1 8 ppma or less further reduces the risk of deforma- 
tion of the wafer or reduction of wafer strength. In addi- 
tion, it can inhibit formation of crystal defects in the 

20 phosphorus-doped silicon single crystal wafer, and pre- 
vent formation of oxide precipitates in the surface layer 
of the wafer. Therefore, when an epitaxial layer is 
formed on the wafer surface, the crystallinity of the epi- 
taxial layer is not adversely affected. On the other hand, 

25 because oxygen precipitation is promoted by the exist- 
ence of nitrogen in a bulk portion, sufficient gettering 
effect can be obtained in spite of such a low oxygen 
concentration. 

[0044] When a silicon single crystal is grown with 
30 nitrogen doping, it is preferred that the doping should be 
performed so that the nitrogen concentration in the 
aforementioned siicon single crystal wafer should be 1 
x 10 10 to 5 x 10 15 atoms/cm 3 . 

[0045] This is because the concentration is desira- 
35 Wy 1 x 10 10 atoms/cm 3 or higher in order to suppress 
the formation of large-size grown-in defects in the sili- 
con wafer and to obtain an effect for sufficiently promot- 
ing oxygen precipitation, and it is preferably 5 x 10 15 
atoms/cm 3 or less in order not to inhibit single crystalli- 
40 zation of the silicon single crystal by the Czochralski 
method. 

[0046] Furthermore, the aforementioned silicon sin- 
gle crystal wafer is preferably one subjected to a heat 
treatment at a temperature of from 900°C to the melting 

45 point of silicon. 

[0047] In such a silicon single crystal wafer sub- 
jected to a heat treatment at a temperature of from 
900°C to the melting point of silicon, nitrogen and oxy- 
gen in the surface layer of the silicon single crystal wafer 

so are out-diffused, and hence crystal defects at the wafer 
surface will become very few. Moreover, the subsequent 
precipitation is not inhibited by dissolution of precipita- 
tion nuclei during a heat treatment at a high temperature 
such as one for the formation of epitaxial layer, and a 

55 wafer exhibiting sufficient gettering effect is obtained. 
[0048] The present invention further provides an 
epitaxial silicon single crystal wafer, wherein an epitax- 
ial layer is formed on a surface of the silicon single crys- 
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tal wafer of the present invention. 
[0049] Such an epitaxial silicon single crystal wafer 
having an epitaxial layer formed on the surface of the sil- 
icon single crystal wafer of the present invention is free 
from the problem of auto doping, and hence it can have 
an epitaxial layer of high quality with a desired resistiv- 
ity. In addition, it can be an epitaxial silicon single crystal 
wafer that can be produced with high productivity and 
have high getter ing ability against heavy metal impuri- 
ties such as those of copper and nickel and an 
extremely low heavy metal concentration in spite of 
such a suppressed substrate oxygen concentration as 
will not cause problems such as deformation of the 
wafer and reduction of wafer strength. 
[0050] The present invention also provides a 
method for producing a boron-doped silicon single crys- 
tal wafer having a resistivity of from 10 mO- cm to 100 
mfl • cm, which comprises growing a silicon single crys- 
tal ingot doped with boron and nitrogen by the Czochral- 
ski method, and slicing the silicon single crystal ingot 
into a silicon single crystal wafer. 
[0051] When a boron-doped silicon single crystal 
wafer having a resistivity of from 10 mn*cm to 100 
mn • cm is produced by growing a silicon single crystal 
ingot doped with boron and nitrogen by the Czochraiski 
method, and slicing the silicon single crystal ingot into a 
silicon single crystal wafer as described above, oxygen 
precipitation is enhanced by the presence of nitrogen in 
a bulk portion of the wafer. Therefore, there can be pro- 
duced a boron-doped silicon single crystal wafer that 
has high gettering effect even though it has such a sub- 
strate oxygen concentration as will not cause problems 
such as deformation of the wafer or reduced wafer 
strength. 

[0052] Furthermore, if a boron-doped silicon single 
crystal wafer produced by such a method is used as a 
substrate wafer for producing an epitaxial wafer, incor- 
poration of impurities into an epitaxial layer due to the 
auto doping can be prevented, and hence an epitaxial 
silicon single crystal wafer of high gettering effect and 
an extremely low heavy metal impurity concentration 
can be obtained with high productivity. 
[0053] In the aforementioned method, the oxygen 
concentration in the single crystal ingot is preferably 
controlled to be 16 ppma or less. 
[0054] With such an oxygen concentration, suffi- 
cient gettering effect can be obtained without adversely 
affecting crystallinity of the epitaxial layer. 
[0055] The present invention also provides a 
method for producing an antimony-doped silicon single 
crystal wafer, which comprises growing a silicon single 
crystal ingot doped with antimony and nitrogen by the 
Czochraiski method, and slicing the silicon single crys- 
tal ingot into a silicon single crystal wafer. 
[0056] By producing an antimony-doped silicon sin- 
gle crystal wafer by growing a silicon single crystal ingot 
doped with antimony and nitrogen by the Czochraiski 
method, and slicing the silicon single crystal ingot into a 



silicon single crystal wafer as described above, the den- 
sity of grown-in defects at the surface of the wafer is 
markedly reduced by the action of nitrogen. Moreover, 
oxygen precipitation is enhanced by the presence of 

5 nitrogen in a bulk portion of the wafer. Thus, there can 
be produced, with a heat treatment of short period of 
time, an antimony-doped silicon single crystal wafer that 
has high gettering effect even though it has such a rela- 
tively low substrate oxygen concentration as will not 

w cause problems such as deformation of the wafer or 
reduced wafer strength. 

[0057] Furthermore, if such an antimony-doped sili- 
con single crystal wafer as produced by the aforemen- 
tioned method is used as a substrate wafer for 

is producing an epitaxial wafer, bad influence of the large- 
size grown-in defects at the substrate wafer surface on 
the epitaxial layer becomes extremely small, hence high 
gettering effect can be obtained by a heat treatment of a 
short period of time and heavy metal impurity concen- 
20 tration of the epitaxial layer can extremely be reduced. 
Therefore, it can enable production of an epitaxial sili- 
con single crystal wafer having an epitaxial layer of 
extremely high quality with high productivity. 
[0058] In the aforementioned method, the oxygen 

25 concentration in the single crystal ingot is preferably 
controlled to be 20 ppma or less. 
[0059] With such an oxygen concentration, suffi- 
cient gettering effect can be obtained without adversely 
affecting crystallinity of the epitaxial layer. 

30 [0060] The present invention also provides a 
method for producing a phosphorus-doped silicon sin- 
gle crystal wafer, which comprises growing a silicon sin- 
gle crystal ingot doped with phosphorus and nitrogen by 
the Czochraiski method, and slicing the silicon single 

35 crystal ingot into a silicon single crystal wafer. 

[0061] When a phosphorus-doped silicon single 
crystal wafer is produced by growing a silicon single 
crystal ingot doped with phosphorus and nitrogen by the 
Czochraiski method, and slicing the silicon single crys- 

40 tal ingot into a silicon single crystal wafer as described 
above, oxygen precipitation is enhanced by the pres- 
ence of nitrogen in a buk portion of the wafer. There- 
fore, there can be produced, with a heat treatment of a 
short period of time, a phosphorus-doped silicon single 

45 crystal wafer, in which oxygen precipitation is relatively 
unlikely to occur, that can have high gettering effect 
even though it has such a substrate oxygen concentra- 
tion as will not cause problems such as deformation of 
the wafer or reduction of wafer strength. 

so [0062] Furthermore, if a phosphorus-doped silicon 
single crystal wafer produced by such a method is used 
as a substrate wafer for producing an epitaxial wafer, an 
epitaxial silicon single crystal wafer having an epitaxial 
layer of high quality having high gettering effect and an 

55 extremely low heavy metal impurity concentration can 
be obtained by a heat treatment of a short period of time 
with high productivity. 

[0063] In the aforementioned method, the oxygen 
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concentration in the single crystal ingot is preferably 
controlled to be 18 ppma or less. 
[0064] With such an oxygen concentration, suffi- 
cient gettering effect can be obtained without adversely 
affecting crystaJBnity of the epitaxial layer. 5 
[0065] Further, when a silicon single crystal doped 
with nitrogen is grown by the Czochrafski method in the 
aforementioned method, it is preferred that the nitrogen 
doping should be performed so that the nitrogen con- 
centration in the aforementioned single crystal ingot 10 
should be 1 x 10 10 to 5 x 10 15 atoms/cm 3 , and the sili- 
con single crystal wafer is preferably subjected to a heat 
treatment at a temperature of from 900°C to the melting 
point of silicon. 

[0066] By producing a silicon single crystal wafer as is 
described above, there can be produced a silicon single 
crystal wafer having further higher gettering ability, few 
surface defects and other various excellent characteris- 
tics, which is suitable for a substrate wafer on which epi- 
taxial growth is performed. 20 
[0067] The present invention also provides a 
method for producing an epitaxial silicon single crystal 
wafer, which comprises producing a silicon single crys- 
tal wafer by the method for producing a silicon single 
crystal wafer of the present invention, and forming an zs 
epitaxial layer on a surface of the silicon single crystal 
wafer. 

[0068] if an epitaxial silicon single crystal wafer is 
produced by producing a silicon single crystal wafer by 
the method for producing a silicon single crystal wafer of 30 
the present invention, and forming an epitaxial layer on 
a surface of the silicon single crystal wafer as described 
above, influence of grown-in defects at the substrate 
wafer surface on the epitaxial layer becomes extremely 
small, and the heavy metal impurity concentration in the 35 
epitaxial layer can be extremely reduced because high 
gettering effect against heavy metals can be imparted 
by a heat treatment of a short period of time even 
though the substrate oxygen concentration is sup- 
pressed in order not to cause problems such as defor- 40 
mation of the wafer and reduction of wafer strength. 
Therefore, an epitaxial silicon single crystal wafer hav- 
ing an epitaxial layer of high quality can be produced 
with high productivity. 

[0069] As described above, a silicon wafer doped 45 
with nitrogen is used as a substrate for an epitaxial sili- 
con single crystal wafer in the present invention. This 
enables easy production of silicon single crystal wafers 
of high quality, in which oxygen precipitation readily 
occur and high gettering effect is exerted, even for a so 
highly boron-doped silicon single crystal wafer of a low 
oxygen concentration as well as antimony-doped silicon 
single crystal wafer and phosphorus-doped silicon sin- 
gle crystal wafer in which oxygen precipitation is hard to 
occur. Furthermore, when epitaxial growth is performed ss 
on a surface of the wafer, an epitaxial silicon single crys- 
tal wafer of high quality with a low defect density and a 
low heavy metal impurity concentration in the epitaxial 



layer can easily be produced with high productivity. 

Brief Explanation of the Drawings 

[0070] 

Rg. 1 is a graph representing the results of oxide 
precipitate defect density measurement performed 
by the OPP method for wafers after a heat treat- 
ment for precipitation of oxide precipitates in Exam- 
ple 1 and Comparative Example 1 . 
Rg. 2 is a graph representing the results of meas- 
urement of crystal defect density at wafer surfaces 
performed with a particle counter for wafers before 
and after epitaxial growth in Example 2 and Com- 
parative Example 2. 

Rg. 3 is a graph representing the results of oxide 
precipitate defect density measurement performed 
by the OPP method for wafers after a heat treat- 
ment for precipitation of oxide precipitates in Exam- 
ple 2 and Comparative Example 2. 
Rg. 4 is a graph representing the results of oxide 
precipitate defect density measurement performed 
by the OPP method for wafers obtained in Example 
3 and Comparative Example 3. 

Best Mode for Carrying out the invention 

[0071] Hereafter, the present invention will be fur- 
ther explained in detail. However, the present invention 
is not limited by these explanations. 
[0072] The inventors of the present invention found 
that an epitaxial single crystal wafer having high getter- 
ing effect and ah extremely low heavy metal impurity 
concentration can be produced with high productivity 
and low cost without generating harmful defects in the 
epitaxial layer caused by out-diffusion of oxygen impuri- 
ties, by obtaining a silicon single crystal wafer consisting 
of a highly boron-doped silicon single crystal wafer hav- 
ing a resistivity of from 10 mO-cmto 100 mn-cm, anti- 
mony-doped silicon single crystal wafer or phosphorus - 
doped silicon single crystal wafer having a low oxygen 
concentration and a Ngh oxide precipitate or oxidation 
induced stacking fault density, which is produced by the 
CZ method, in particular, with a technique of nitrogen 
doping during the crystal growth, and using it as a sub- 
strate wafer for the production of an epitaxial silicon sin- 
gle crystal wafer. 

[0073] That is, it has been pointed out that, if nitro- 
gen is doped in a silicon single crystal, the aggregation 
of oxygen atoms in silicon is promoted and oxide precip- 
itate concentration becomes high (T. Abe and H. Tak- 
eno, Mat Res. Soc. Symp. Proa Vol. 262, 3, 1992). It is 
thought that this effect is caused by the shift of the 
aggregation process of oxygen atoms from homoge- 
nous nucleus formation to heterogenous nucleus forma- 
tion utilizing nitrogen impurities as the nuclei. 
[0074] Therefore, by doping a silicon single crystal 
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with nitrogen when it is grown by the Czochralsto 
method, a silicon single crystal with high oxide precipi- 
tate concentration can be obtained, and a silicon single 
crystal wafer with high oxide precipitate concentration 
can be obtained by processing the single crystal. And , 
by growing an epitaxial layer using this silicon single 
crystal wafer as a substrate, a high oxide precipitate 
density can be obtained even in a boron-doped silicon 
single crystal water of a low oxygen concentration, as 
well as an antimony-doped silicon single crystal wafer 
and a phosphorus-doped silicon single crystal wafer, in 
which oxygen precipitation is originally hard to occur. As 
a result, an epitaxial layer with a very low heavy metal 
impurity density can be grown. Moreover, since the oxy- 
gen concentration in a wafer can be made low. prob- 
lems such as deformation of the wafer and reduction of 
wafer strength are not caused, and the epitaxial layer is 
not adversely affected by oxygen impurities. 
[0075] Further, a silicon single crystal wafer which 
is produced with nitrogen doping during the growth of 
the silicon single crystal can have high gettering effect 
even if it is a wafer having a doping amount of boron of 
from 10 ml! -cm to 100 mn-cm expressed in terms of 
resistivity or a wafer doped with antimony or phospho- 
rus in which the oxygen precipitation is originally hard to 
occur. Therefore, an epitaxial layer of excellent quality 
can be formed, and countermeasures against the auto 
doping also become unnecessary. Thus, not only 
improvement of the quality of epitaxial silicon single 
crystal wafer, but also improvements of productivity and 
cost can be expected. 

[0076] For the purpose of the present invention, a 
silicon single crystal ingot doped with boron and nitro- 
gen can be grown by the CzochralsW method according 
to a known method such as disclosed in, for example. 
Japanese Patent Application Laid-open (KOKAI) No. 
60-251190. 

[0077] That is, the CzochralsW method comprises 
contacting a seed crystal with a melt of polycrystal sili- 
con raw material contained in a quartz crucible, and 
slowly pulling it with rotation to grow a silicon single 
crystal ingot having an intended diameter. In such a 
method, boron and nitrogen can be doped in the pulled 
silicon single crystal by charging a polycrystal silicon 
raw material doped with boron together with nitride in a 
quartz crucible beforehand, adding nitride into the sili- 
con melt, or using an atmosphere gas containing nitro- 
gen. A doping amount of nitrogen in the crystal can be 
adjusted by controlling the amount of nitride, concentra- 
tion or time of introduction of nitrogen gas. 
[0078] By doping a single crystal with nitrogen 
when it is grown by the CzochralsW method, large-size 
grown-in defects to be introduced can be reduced, and 
the oxygen atom aggregation in silicon can simultane- 
ously be enhanced to obtain a high oxide precipitate 
concentration. This method does not require the con- 
ventionally used decrease of pulling speed for reducing 
the grown-in defects, and it can readily be performed by 
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using a conventional production apparatus. Therefore, it 
does not require any newly added production appara- 
tus, and it enables the production of silicon single crys- 
tals with high productivity. 

[0079] Moreover, according to conventional tech- 
niques, the oxygen precipitation in a highly boron-doped 
silicon single crystal wafer having a resistivity of from 1 0 
mO • cm to 100 mO • cm is more suppressed compared 
with a very highly boron-doped silicon single crystal 
wafer having a resistivity of less than 10 mn- cm. Fur- 
ther, the oxygen precipitation is harder to occur in an 
antimony-doped silicon single crystal wafer and a phos- 
phorus-doped silicon single crystal wafer compared 
with a boron-doped silicon single crystal wafer. Thus, 
gettering ability required for the device production can- 
not be obtained. 

[0080] In the case of an antimony-doped silicon sin- 
gle crystal wafer, in particular, when a silicon single 
crystal ingot doped with antimony is grown by the Czo- 
chralski method, it is very difficult to maintain the oxy- 
gen concentration high in the latter half of the grown 
single crystal ingot having a high antimony concentra- 
tion due to evaporation of antimony oxide. Therefore, 
the oxygen concentration becomes very low, thus the 
oxygen precipitation of the silicon wafer sliced from 
such a portion is suppressed, and gettering ability 
required for the device production cannot be obtained. 
[0081] On the other hand, if oxygen concentration 
in these wafers is elevated to solve the aforementioned 
problems, deformation of the wafers or reduction of 
wafer strength is caused. Further, when an epitaxial 
layer is formed on the water surfaces, defects caused by 
out-diffusion of oxygen impurities are generated, and 
hence the characteristics are degraded on the contrary. 
However, by doping nitrogen in a silicon single crystal 
as in the present invention, gettering ability required for 
the device production can be obtained without elevating 
the oxygen concentration. 

[0082] As for the reason for the acceleration of 
aggregation of oxygen atoms and elevation of oxide pre- 
cipitate concentration in a silicon single crystal when it 
is doped with nitrogen, it is considered to be due to the 
shift of aggregation process of oxygen atoms from 
homogenous nucleus formation to heterogenous 
nucleus formation utilizing nitrogen impurities as Die 
nuclei as described above. 

[0083] Therefore, the concentration of the doped 
nitrogen is preferably 1 x 10 10 atoms/cm 3 or higher, in 
which range the heterogenous nucleus formation is suf- 
ficiently caused. A concentration of the doped nitrogen 
in this range can sufficiently elevate the oxide precipi- 
tate concentration. On the other hand, if the nitrogen 
concentration exceeds 5 x 1 0 15 atoms/cm 3 , which is the 
solid solubility limit in a silicon single crystal, the single 
crystallization of the silicon single crystal itself may be 
inhtoited. Therefore, it is preferred that it does not 
exceed that concentration. 

[0084] Further, a high oxide precipitate concentra- 
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tion can be obtained even with a low oxygen concentra- 
tion accorcfing to the present invention. Therefore, when 
a silicon single crystal ingot doped with nitrogen is 
grown by the Czochralski method, oxygen concentration 
in the ingot can be controlled to be a medium or low 
concentration, i.e., 16 ppma or less when it is doped 
with boron. 20 ppma or less when it is doped with anti- 
mony, or 18 ppma or less when it is doped with phos- 
phorus. 

[0065] When the oxygen concentration in a silicon 
single crystal is the aforementioned values or lower, for- 
mation of defects such as oxide precipitates at a silicon 
single crystal wafer surface, which degrade crystallinity 
of an epitaxial layer, can substantially completely be 
prevented. Therefore, bad influence on the crystallinity 
of the epitaxial layer, which is grown on the silicon single 
crystal wafer surface, can be prevented. On the other 
hand, in a bulk portion, gettering effect can sufficiently 
be obtained even with a low oxygen concentration, 
because oxygen precipitation is promoted by the exist- 
ence of nitrogen. 

[0066] The oxygen concentration in a silicon single 
crystal ingot may be reduced to the aforementioned 
ranges by a conventional method. An oxygen concen- 
tration within the aforementioned ranges can easily be 
obtained by, for example, reducing crucible rotation 
number, increasing introduced gas flow rate, lowering 
atmospheric pressure, controlling temperature distribu- 
tion and convection of a silicon melt or the like. 
[0087] In this way, a silicon single crystal ingot 
doped with boron, antimony or phosphorus and nitrogen 
atdesired concentrations and containing few large-size 
crystal defects and oxygen at a desired concentration 
can be obtained by the Czochralski method. This ingot 
is sliced by using a cutting machine such as an inner 
diameter slicer or wire saw, and subjected to steps of 
chamfering, lapping, etching, polishing and so forth to 
be processed into silicon single crystal wafers. Of 
course, these steps are mere examples, and there may 
be used various other steps such as cleaning step and 
heat treatment step. Further, the steps are used with 
suitable modification including the alteration of the order 
of steps, omission of some steps and so forth. 
[0068] Further, before performing the epitaxial 
growth, the obtained silicon single crystal wafer is pref- 
erably subjected to a heat treatment at a temperature of 
900°C to the melting point of silicon. By performing such 
a heat treatment before forming an epitaxial layer, nitro- 
gen in a surface layer of the silicon single crystal wafer 
can be out-diffused. 

[0069] The nitrogen in a silicon single crystal wafer 
surface layer is out-diffused in order that the epitaxial 
layer should not subsequently be adversely affected by 
formation of defects due to oxygen precipitation in the 
silicon single crystal wafer surface layer caused by the 
oxygen precipitation promoting effect of nitrogen. 
[0090] Diffusion rate of nitrogen in silicon is mark- 
edly faster than that of oxygen. Therefore, nitrogen in 



the surface layer can surely be out-diffused by the heat 
treatment As for the specific condition of the heat treat- 
ment, it is preferably performed in a temperature range 
of 900°C to the melting point of silicon, more preferably 

5 1100°Cto1200 o C. 

[0091] By subjecting the silicon single crystal wafer 
to a heat treatment within such a temperature range, 
nitrogen in the surface layer of the silicon single crystal 
wafer can sufficiently be out-diffused, and oxygen can 

10 simultaneously be out-diffused. Therefore, generation 
of defects due to oxide precipitates at the surface can 
be substantially completely prevented, and bad influ- 
ence on the crystallinity of the epitaxial layer can be pre- 
vented. 

15 [0092] Further, there may be an anxiety that, if the 
aforementioned heat treatment is not performed before 
the epitaxial growth and thus the wafer is directly sub- 
jected to a heat treatment at a high temperature for the 
epitaxial growth, oxygen precipitation nuclei may be 

20 melted and sufficient precipitation is not caused even in 
a subsequent heat treatment, and thus gettering effect 
cannot be obtained. However, by performing such a 
heat treatment as mentioned above before performing 
the heat treatment at a high temperature for epitaxial 

25 growth, sufficient gettering effect can be obtained dur- 
ing the formation of the epitaxial layer, and thus an epi- 
taxial silicon single crystal wafer with an extremely low 
heavy metal impurity concentration can be obtained. 
[0093] Furthermore, as a secondary effect, the 

30 oxide precipitates in a bulk portion of wafer may further 
grow to induce bulk stacking faults (BSF), thereby exert- 
ing stronger gettering effect 

[0094] The present invention will be further 
explained with reference to the following examples and 
35 comparative examples hereinafter. However, the 
present invention is not limited to these. 

(Example 1) 

40 [0095] Raw material polycrystal silicon added with 
boron at a concentration determined so that a resistivity 
of from 10 mn • cm to 100 mn • cm should be obtained 
was charged into a quartz crucible having a diameter of 
24 inches together with silicon wafers having a silicon 

45 nitride film, and melted. A single crystal ingot of P-type 
having a diameter of 8 inches and direction < 100) was 
pulled from the melt at a usual pulling rate of 1.0 
mm/min according to the CZ method. When the crystal 
was pulled, the rotation of the crucible was controlled so 

so that oxygen concentration in the single crystal should 
become 14-16 ppma (JEIOA). 

[0096] The nitrogen concentration was 2-7 x 10 14 
atoms/cm 3 in terms of a value calculated by using a 
segregation coefficient. When the oxygen concentration 
55 of the single crystal ingot was measured by the gas 
fusion method, it was confirmed to be 14-16 ppma. 
[0097] Wafers were cut out from the single crystal 
ingot obtained above by using a wire saw, and sub- 
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jected to chamfering, lapping, etching and mirror polish- 
ing to produce four silicon single crystal mirror surface 
wafers having a diameter of 8 inches. When resistivity of 
these four silicon single crystal wafers was measured, 
all four wafers had a resistivity of about 1 4-1 7 mQ • cm, 
which was within the range expected from the added 
doping amount of boron. 

[0098] Two of these four silicon single crystal wafers 
were subjected to a heat treatment at a temperature of 
1050°C before forming epitaxial layers on their surfaces 
to out-diffuse nitrogen in the wafer surface layers. 
[0099] Then, an epitaxial layer having a thickness of 
6 jim was grown at 1170°C on one wafer each from 
each of these two silicon single crystal wafers subjected 
to the heat treatment and the other two not subjected to 
the heat treatment, and at 1 1 30°C on the other wafers 
from each of the two sets of two wafers. The epitaxial 
growth furnace was a furnace of a single wafer process- 
ing type, and the heating was performed by lamp heat- 
ing. By introducing SiHCl3 + H 2 into the furnace, 
epitaxial growth of silicon was attained on the boron- 
doped silicon single crystal wafers. 
[0100] In order to measure gettering ability of the 
epitaxial wafers obtained as described above, the 
wafers were subjected to a heat treatment at 800°C in 
N 2 gas atmosphere for 4 hours, and then a heat treat- 
ment at 1000°C in 0 2 gas atmosphere for 16 hours to 
precipitate oxide precipitates. Then, gettering effect of 
these epitaxial silicon single crystal wafers was evalu- 
ated based on oxide precipitate concentration in bulk 
portions of the wafers. 

[0101] The oxide precipitate concentration was 
measured by the OPP (Optical Precipitate Profiler) 
method. In this OPP method, which utilizes a NomarsW 
differential interference microscope, a laser light emitted 
from a light source is separated into two linearly polar- 
ized light beams by a polarizing prism, which are 
orthogonally intersects with each other and have 
phases different by 90°, and the beams are entered into 
a wafer from the wafer mirror surface side. At that time, 
when one beam passes a defect, phase shift is caused 
and hence phase difference between the two beams is 
produced. This phase difference is detected by a polar- 
ization analyzer after the beams transmit the wafer back 
face to detect the defect 

[0102] The results of this measurement are shown 
in Fig. 1 . The plots shown in the right side of Fig. 1 rep- 
resent the oxide precipitate defect densities of the 
wafers having a nitrogen doping amount of 2-7 x 10 14 
atoms/cm 3 . The plots indicated with circles represent 
the results obtained when the epitaxial growth was per- 
formed at 1 170°C. and the plots indicated with triangles 
represent the results obtained when the epitaxial growth 
was performed at 1 1 30°C. 

[0103] From the results shown in Fig. 1. it can be 
seen that the wafers in which the epitaxial growth was 
performed on the surfaces of the boron-doped silicon 
single crystal wafers doped with nitrogen showed high 
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oxide precipitate densities for the both epitaxial growth 
temperatures in spite of the low oxygen concentrations 
of 14-16 ppma, and thus they had high gettering effect. 
When the wafers subjected to the heat treatment and 

5 not subjected to it are compared, it can be seen that 
higher gettering effect was obtained in the heat-treated 
wafers. Further, since the oxygen concentration was 
low, the crystallinity of the epitaxial layers was very 
good. Furthermore, because no countermeasure 

10 against the auto doping is required at such a level of 
boron doping concentration, improvement of productiv- 
ity can be expected. 

(Comparative Example 1) 

15 

[01 04] A boron-doped single crystal ingot of P-type 
having a diameter of 8 inches, direction < 100) and an 
oxygen concentration of 14-16 ppma was pulled in the 
same manner as in the example except that nitrogen 

20 was not doped. Then, two silicon single crystal mirror 
surface wafers having a diameter of 8 inches were pro- 
duced from the above single crystal ingot in the same 
manner as in the example. Both of these silicon single 
crystal wafers had a resistivity of about 14-17 mn- cm 

25 as in the example. 

[01 05] Then, an epitaxial layer having a thickness of 
6 jim was grown at 1 170°C on one silicon single crystal 
wafer and at 1 130°C on the other wafer among the two 
wafers in the same manner as in the example except 

30 that the heat treatment for out-diffusing nitrogen was not 
performed. 

[0106] In the obtained epitaxial wafers, oxide pre- 
cipitates were precipitated by a heat treatment in the 
same manner as in the example, and gettering effect of 

35 these epitaxial silicon single crystal wafers was evalu- 
ated by the OPP method based on oxide precipitate 
concentration in bulk portions of the wafers. 
[0107] The results of this measurement are also 
shown in Fig. 1 . The plots shown in the left side of Fig. 

40 1 represent the oxide precipitate defect densities of the 
wafers not doped with nitrogen. The plot indicated with 
a circle represents the oxide precipitate defect density 
obtained when the epitaxial growth was performed at 
1 1 70°C, and the plot indicated with a triangle represents 

45 the oxide precipitate defect density obtained when the 
epitaxial growth was performed at 1 130°C. 
[0108] From the results shown in Fig. 1, it can be 
seen that the wafers in which the epitaxial growth was 
performed on the surfaces of the boron-doped silicon 

so single crystal wafers not doped with nitrogen showed 
low oxide precipitate densities as for the both epitaxial 
growth temperatures because of the low oxygen con- 
centrations of 14-16 ppma, and thus they had low get- 
tering effect. 

55 

(Example 2) 

[0109] Raw material polycrystal silicon added with 
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antimony at a predetermined concentration was 
charged into a quartz crucible having a diameter of 24 
inches together with silicon wafers having a silicon 
nitride film, and melted. A single crystal ingot of N-type 
having a diameter of 8 inches and direction < 1 00 ) was 5 
pulled from the melt at a usual pulling rate of 1.0 
mm/min according to the CZ method. When the crystal 
was pulled, the rotation of the crucible was controlled so 
that oxygen concentration in the single crystal should 
become 20 ppma or less (JEIDA). By repeating the 10 
above procedure, two single crystal ingots with different 
nitrogen doping amounts were pulled. 
[01 1 0] The nitrogen concentration in tail portions of 
these single crystal ingots was estimated as values cal- 
culated by using a segregation coefficient, and they is 
showed nitrogen concentration of 1 .0 x 10 14 atoms/cm 3 
and 5.0 x 10 14 atoms/cm 3 , respectively. When the oxy- 
gen concentration of the single crystal ingots was meas- 
ured by the gas fusion method, it was confined to be 10- 
20 ppma for both of the two ingots. 20 
[01 1 1 ] Wafers were cut out from the two single crys- 
tal ingots obtained above by using a wire saw. and sub- 
jected to chamfering, lapping, etching and mirror 
polishing to produce two silicon single crystal mirror sur- 
face wafers having a diameter of 8 inches from each 25 
ingot, i.e., four wafers in total. When resistivity of these 
four silicon single crystal wafers was measured, all four 
wafers had a resistivity of about 7-25 mn-cm, which 
was within the range expected from the added doping 
amount of antimony. 30 
[01 1 2] These silicon single crystal wafers were sub- 
jected to a heat treatment at a temperature of 1 100°C 
before forming epitaxial layers on their surfaces to out- 
diffuse nitrogen in the wafer surface layers. 
[0113] Further, in order to measure crystal defect 35 
density at the wafer surface before epitaxial growth, the 
four silicon single crystal wafers were sufficiently 
cleaned, and crystal defect density at the wafer surfaces 
was measured by a particle counter. 
[0114] Then, as for the four silicon single crystal 40 
wafers cut out from the two silicon crystal ingots, an epi- 
taxial layer having a thickness of 6 pm was grown at 
1200°C on one water each from each of these two sili- 
con single crystal wafers cut out from the same ingot 
and at 1 1 25°C on the other wafers. The epitaxial growth 4S 
furnace was a furnace of single wafer processing type, 
and the heating was performed by lamp heating. By 
introducing S1HCI3 + hfe into the furnace, epitaxial 
growth of silicon was attained on the antimony-doped 
silicon single crystal wafers. 50 
[0115] In order to measure gettering ability of the 
epitaxial wafers obtained as described above, the 
wafers was subjected to a heat treatment at 800°C in N2 
gas atmosphere for 4 hours, and then a heat treatment 
at 1000°C in 0 2 gas atmosphere for 16 hours to allow ss 
precipitation of oxide precipitates. Then, gettering effect 
of these epitaxial silicon single crystal wafers was eval- 
uated based on oxide precipitate concentration in the 



silicon wafers. The oxide precipitate concentration was 
measured by the aforementioned OPP method. 
[0116] On the other hand, in order to measure the 
effect of crystal defects at the substrate wafer surface 
on the epitaxial layers, crystal defect density at the sur- 
faces of these epitaxial silicon single crystal wafers after 
the epitaxial growth was measured as density of parti- 
cles having a size of 0.13 um or more by a particle coun- 
ter. 

[0117] First, the results of the measurement of the 
crystal defect density before and after the epitaxial 
growth are shown in Fig. 2. The plots shown in the 
center of Fig. 2 represent the crystal defect densities at 
the surfaces of the wafers having a nitrogen doping 
amount of 1.0 x 10 14 atoms/cm 3 , and the plots shown in 
the right side of Fig. 2 represent the crystal defect den- 
sities at the surfaces of the wafers having a nitrogen 
doping amount of 5.0 x 10 14 atoms/cm 3 . The plots indi- 
cated with circles represent crystal defect densities 
before the epitaxial growth, and the plots indicated with 
triangles represent crystal defect densities after the epi- 
taxial growth. These values indicate averages of values 
obtained from two wafers of the same nitrogen doping 
amount. 

[0118] From the results shown in Fig. 2, it can be 
seen that the wafers of the both nitrogen doping amount 
of 1 .0 x 10 14 atoms/cm 3 and 5.0 x 10 14 atoms/cm 3 had 
an extremely low crystal defect density of 0.1 
number/cm 2 or less before and after the epitaxial 
growth. 

[01 1 9] Then, the results of the measurement of the 
oxide precipitate density after the heat treatment for 
oxygen precipitation are shown in Fig. 3. The plots 
shown in the center of Fig. 3 represent the oxide precip- 
itate densities of the wafers having a nitrogen doping 
amount of 1 .0 x 10 14 atoms/cm 3 , and the plots shown in 
the right side of Fig. 3 represent the oxide precipitate 
densities of the wafers having a nitrogen doping amount 
of 5.0 x 10 1 4 atoms/cm 3 . The plots indicated with circles 
represent the oxide precipitate defect densities obtained 
when the epitaxial growth was performed at 1200°C, 
and the plots indicated with triangles represent the 
oxide precipitate defect densities obtained when the 
epitaxial growth was performed at 1 125°C. 
[0120] From the results shown in Fig. 3, it can be 
seen that the wafers in which the epitaxial growth was 
performed on the surfaces of the antimony-doped sili- 
con single crystal wafers doped with nitrogen showed 
high oxide precipitate densities as for the both epitaxial 
growth temperatures in spite of the medium oxygen 
concentrations of 10-20 ppma, and thus they had high 
gettering effect Further, the heat treatment time for get- 
tering effect required for the production of the epitaxial 
silicon single crystal wafers in this example was compa- 
rable to that required when the boron-doped silicon sin- 
gle crystal wafers were used as the substrate wafers. 
Therefore, improvement of productivity can be 
expected. 
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(Comparative Example 2) 

[01 21 ] An antimony-doped single crystal ingot of N- 
type having a diameter of 8 inches, direction ( 1 00 > and 
an oxygen concentration of 20 ppma or less was pulled 
in the same manner as in the example except that nitro- 
gen was not doped. Then, two silicon single crystal mir- 
ror surface wafers having a diameter of 8 inches were 
produced from the above single crystal ingot in the 
same manner as in the example. Both of these two sili- 
con single crystal wafers had a resistivity of about 7-25 
mn • cm as in the example. 

[01 22] Then, without performing the heat treatment 
for out-diffusing nitrogen, crystal defect density at the 
wafer surfaces was measured by a particle counter, and 
an epitaxial layer having a thickness of 6 jim was grown 
at 1200°C on one silicon single crystal wafer and at 
1 1 25°C on the other wafer among the two wafers in the 
same manner as in the example. 
[01 23] In the obtained epitaxial wafers, precipitation 
of oxide precipitates was caused in the same manner as 
in the example. Then, getlering effect of these epitaxial 
silicon single crystal wafers was evaluated by the OPP 
method based on oxide precipitate concentration in bulk 
portions of the silicon wafers, and crystal defect density 
at the wafer surfaces after the epitaxial growth was 
measured by a particle counter. 
[0124] The results of the measurement of the crys- 
tal defect density before and after the epitaxial growth in 
this comparative example are also shown in Fig. 2. The 
plots shown in the left side of Fig. 2 represent the crystal 
defect densities of the wafers not doped with nitrogen. 
The plot indicated with a circle represents crystal defect 
density before the epitaxial growth, and the plot indi- 
cated with a triangle represents the crystal defect den- 
sity after the epitaxial growth. These values indicate 
averages of values obtained from two wafers. 
[0125] From the results shown in Fig. 2, it can be 
seen that the antimony-doped silicon single crystal 
wafers not doped with nitrogen had a crystal defect den- 
sity at the wafer surfaces exceeding 0.5 number/cm 2 
before and after the epitaxial growth, which is a mark- 
edly higher crystal defect density compared with that of 
the wafers doped with nitrogen. 
[0126] The results of the measurement for the oxide 
precipitate density of the wafers in this comparative 
example after the heat treatment for oxygen precipita- 
tion are also shown in Fig. 3. The plots shown in the left 
side of Fig. 3 represent the oxide precipitate densities of 
the wafers not doped with nitrogen. The plot indicated 
with a circle represent the crystal precipitate density 
obtained when the epitaxial growth was performed at 
1200°C, and the plot indicated with a triangle represent 
the crystal precipitate density obtained when the epitax- 
ial growth was performed at 1125°C. 
[0127] From the results shown in Fig. 3, it can be 
seen that the wafers in which the epitaxial growth was 
performed on the surfaces of the antimony-doped sili- 
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con single crystal wafers not doped with nitrogen 
showed low oxide precipitate densities and thus they 
had low gettering effect as for both of the epitaxial 
growth temperatures because the heat treatment time 
5 used was comparable to that used for the case where 
the boron-doped silicon single crystal wafers were used 
as the substrate wafers and the wafers had the medium 
oxygen concentrations of 20 ppma or less. 

10 (Example 3) 

[0128] Raw material polycrystal silicon added with 
phosphorus at a predetermined concentration was 
charged into a quartz crucible having a diameter of 18 

15 inches together with silicon wafers having a silicon 
nitride film, and melted. A single crystal ingot of N-type 
having a diameter of 6 inches and direction (100) was 
pulled from the melt at a usual pulling rate of 1.0 
mm/min according to the CZ method. When the crystal 

20 was pulled, the rotation of the crucible was controlled so 
that oxygen concentration in the single crystal should 
become 18 ppma (JEIDA). 

[01 29] The nitrogen concentration of the tail portion 
of the single crystal ingot was measured by FT-IR, and 
25 it was found to be 5.0 x 10 14 atoms/cm 3 . When the oxy- 
gen concentration of the single crystal ingot was meas- 
ured by FT-IR, it was confirmed to be 18 ppma. 
[0130] Wafers were cut out from the single crystal 
ingot obtained above by using a wire saw, and sub- 
so jected to chamfering, lapping, etching and mirror polish- 
ing to produce tour silicon single crystal mirror surface 
wafers having a diameter of 6 inches. When resistivity of 
these four silicon single crystal wafers was measured, 
all four wafers had a resistivity of about 5-10 ft •cm, 
as which was within the range expected from the added 
doping amount of phosphorus. 

[0131] Two of these four silicon single crystal wafers 
were subjected to a heat treatment at a temperature of 
1100°C for 30 minutes to out-diffuse nitrogen in the 
40 wafer surface layers before forming epitaxial layers on 
their surfaces. 

[01 32] Then, an epitaxial layer having a thickness of 
20 urn was grown at 1 170°C on one wafer each from 
each of these two silicon single crystal wafers subjected 

45 to the heat treatment and the other two not subjected to 
the heat treatment, and at 1130°C on the other wafers 
from each of the two sets of two wafers. The epitaxial 
growth furnace comprised a bel jar of cylinder type con- 
taining within it a susceptor on which a substrate wafer 

so was placed, and the heating was attained by radiation 
heating. By introducing SiHCla + H 2 into the furnace, 
epitaxial growth of silicon was attained on the phospho- 
rus-doped silicon single crystal wafers. 
[0133] In order to measure gettering ability of the 

55 epitaxial wafers obtained as described above, the 
wafers was subjected to a heat treatment at 800°C in N 2 
gas atmosphere for 4 hours, and then a heat treatment 
at 1000°C in 0 2 gas atmosphere tor 16 hours to cause 
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precipitation of oxide precipitates. 
[0134] Then, gettering effect of these epitaxial sili- 
con single crystal wafers was evaluated based on oxide 
precipitate concentration in bulk portions of the wafers. 
The oxide precipitate concentration was measured by s 
the aforementioned OPP method. 
[0135] The results of this measurement are shown 
in Fig. 4. The plots shown in the right side of Fig. 4 rep- 
resent the oxide precipitate defect densities of the 
waters having a nitrogen doping amount of 5.0 x 10 14 10 
atoms/cm 3 . The plots indicated with circles represent 
the oxide precipitate detect densities obtained when the . 
epitaxial growth was performed at 11 70°C, and the plots 
indicated with triangles represent the oxide precipitate 
defect densities obtained when the epitaxial growth was is 
performed at 11 30°C. 

[0136] From the results shown in Fig. 4, it can be 
seen that the wafers in which the epitaxial growth was 
performed on the surfaces of the phosphorus-doped sil- 
icon single crystal wafers doped with nitrogen showed 20 
high oxide precipitate densities of 1 x 10 9 number/cm 3 
or higher as for the both epitaxial growth temperatures 
in spite of the medium oxygen concentrations of 18 
ppma, and thus they had high gettering effect When the 
wafers subjected to the heat treatment and not sub- 25 
jected to it are compared, it can be seen that further 
higher gettering effect was obtained in the heat-treated 
wafers. Further, since the oxygen concentration was 
low, the crystallinity of the epitaxial layers was very 
good. Furthermore, the time required for the heat treat- 30 
merrt for precipitation before the epitaxial growth in this 
example was much shorter than that required with no 
heat treatment or with the conventional IG heat treat- 
ment. Therefore, improvement of productivity can be 
expected. 35 

(Comparative Example 3) 

[0137] A phosphorus-doped single crystal ingot of 
N-type having a diameter of 6 inches, direction (100) 40 
and an oxygen concentration of 18 ppma was pulled in 
the same manner as in the example except that nitrogen 
was not doped. Then, four silicon single crystal mirror 
surface waters having a diameter of 6 inches were pro- 
duced from the above single crystal ingot in the same 45 
manner as in the example. All of these four silicon single 
crystal wafers had a resistivity of about 5-1 0 Cl • cm as in 
-the example. 

[0138] Two of these four wafers were subjected to 
IQ heat treatment for further promoting oxygen precipi- so 
tation. That is, they are first subjected to a first-stage 
heat treatment at 1 100°C for 30 minutes, then a heat 
treatment for formation of precipitation nuclei at 650°C 
for 4 hours, and a heat treatment for formation of oxide 
precipitates at 1000°C for 16 hours. An epitaxial layer ss 
having a thickness of 20 urn was grown at 1 170°C on 
one wafer each from each of these two silicon single 
crystal wafers subjected to the heat treatment and the 



other two not subjected to the heat treatment, and at 
1 130°C on the other wafers from each of the two sets of 
two wafers. Then, oxygen precipitation of oxide precipi- 
tates was caused in the obtained epitaxial wafers by a 
heat treatment in the same manner as in the example, 
and gettering effect of these epitaxial silicon single crys- 
tal wafers was evaluated by the OPP method based on 
oxide precipitate concentration in bulk portions of the 
silicon wafers. 

[0139] The results of this measurement are also 
shown in Fig. 4. The plots shown in the left side of Fig. 
4 represent the oxide precipitate defect densities of the 
wafers not doped with nitrogen. The plots indicated with 
circles represent the oxide precipitate detect densities 
obtained when the epitaxial growth was performed at 
11 70°C. and the plots indicated with triangles represent 
the oxide precipitate defect densities obtained when the 
epitaxial growth was performed at 1 130°C. 
[0140] From the results shown in Fig. 4, it can be 
seen that, without the IG heat treatment before the epi- 
taxial growth, the wafers in which the epitaxial growth 
was performed on the phosphorus-doped silicon single 
crystal wafers not doped with nitrogen showed low 
oxide precipitate densities and hence low gettering 
effect for the both epitaxial growth temperatures 
because of the medium oxygen concentration of 18 
ppma. Further, even with the IG heat treatment taking a 
long period of time, the wafers showed only precipitate 
densities comparable to those obtained with nitrogen 
doping and no heat treatment before the epitaxial 
growth. 

[0141] The present invention is not limited to the 
embodiments described above. The above-described 
embodiments are mere examples, and those having the 
substantially same structure as that described in the 
appended claims and providing the similar functions 
and advantages are included in the scope of the present 
invention. 

[0142] For example, when a silicon single crystal 
ingot doped with nitrogen is grown by the Czochralski 
method according to the present invention, the melt may 
be or may not be applied with a magnetic field. That is, 
the Czochralski method used for the present invention 
includes the so-called MCZ method wherein a magnetic 
field is applied to the melt. 

[0143] Further, the epitaxial growth is not limited to 
epitaxial growth by the CVD method, and the present 
invention can be used for the case where an epitaxial 
silicon single crystal substrate is produced by perform- 
ing the epitaxial growth by the MBE method. 
[0144] Furthermore, although the aforementioned 
embodiments were mainly explained for the cases 
where wafers of high gettering effect were obtained by, 
in particular, using nitrogen doping even for highly 
boron-doped silicon single crystal wafers of a high 
boron doping concentration and low oxygen concentra- 
tion, and antimony-doped or phosphorus-doped silicon 
single crystal wafers of medium or low oxygen concen- 
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tration, the present invention is not limited to these. 
Those highly boron-doped silicon single crystal waters 
having a resistivity of from 10 mn*cm to 100 mn-cm, 
a low oxygen concentration in the silicon single crystal 
wafers of 16 ppma or less and a large oxide precipitate s 
or oxidation induced stacking fault density of 1 x 10 9 
number/cm 3 or higher after a precipitation heat treat- 
ment, those antimony-doped silicon single crystal 
wafers having a small crystal defect density at the sur- 
faces of the silicon single crystal wafers of 0.1 w 
number/cm 2 or less and a large oxide precipitate or oxi- 
dation induced stacking fault density of 1 x 10 9 
number/cm 3 or higher after a precipitation heat treat- 
ment, and those phosphorus-doped silicon single crys- 
tal wafers having a medium or low oxygen concentration is 
in the silicon single crystal wafers of 18 ppma or less 
and a large oxide precipitate or oxidation induced stack- 
ing fault density of 1 x 10 9 number/cm 3 or higher after a 
precipitation heat treatment are encompassed within 
the scope of the present invention. 20 
[0145] The definition of the "oxide precipitate or oxi- 
dation induced stacking fault density of 1 x 10 9 
number/cm 3 or higher" include such an oxide precipitate 
or oxidation induced stacking fault density obtained 
even after a silicon wafer is subjected to a precipitation 25 
heat treatment or after a silicon wafer is subjected to a 
heat treatment tor the epitaxial growth and a subse- 
quent precipitation heat treatment. 

Claims 30 

1. A silicon single crystal wafer doped with a dopant, 
which has an oxide precipitate or oxidation induced 
stacking fault density of 1 x 10 9 number/cm 3 or 
higher after a precipitation heat treatment of the sil- ss 
icon single crystal wafer. 

2. A boron-doped silicon single crystal wafer having a 
resistivity of from 10 mn«cm to 100 mO*cm, 
wherein oxygen concentration in the boron-doped 40 
silicon single crystal wafer is 16 ppma or less, and 
the wafer has an oxide precipitate or oxidation 
induced stacking fault density of 1 x 10 9 
number/cm 3 or higher after a precipitation heat 
treatment. 

3. A boron-doped silicon single crystal wafer having a 
resistivity of from 10 mn*cm to 100 mn*cm, 
which is obtained by slicing a silicon single crystal 
ingot grown by the Czochralski method with nitro- so 
gen doping. 

4. The boron-doped silicon single crystal wafer 
according to Claim 3, which has an oxygen concen- 
tration of 16 ppma or less. 55 

5. An antimony-doped silicon single crystal wafer, 
which has a crystal defect density at a surface of 



the antimony-doped silicon single crystal wafer of 
0.1 number/cm 2 or less. 

6. An antimony-doped silicon single crystal wafer, 
which has an oxide precipitate or oxidation induced 
stacking fault density of 1 x 10 9 number/cm 3 or 
higher after a precipitation heat treatment of the 
antimony-doped silicon single crystal wafer. 

7. An antimony-doped silicon single crystal wafer, 
which has a crystal detect density at a surface of 
the antimony-doped silicon single crystal wafer of 
0.1 number/cm 2 or less, and an oxide precipitate or 
oxidation induced stacking fault density of 1 x 10 9 
number/cm 3 or higher after a precipitation heat 
treatment. 

8. An antimony-doped silicon single crystal wafer, 
which is obtained by slicing a silicon single crystal 
ingot grown by the Czochralski method with nitro- 
gen doping. 

9. The antimony-doped silicon single crystal wafer 
according to Claim 8, which has an oxygen concen- 
tration of 20 ppma or less. 

10. A phosphorus-doped silicon single crystal wafer, 
which has an oxygen concentration in the phospho- 
rus-doped silicon single crystal wafer of 1 8 ppma or 
less, and an oxide precipitate or oxidation induced 
stacking fault density of 1 x 10 9 number/cm 3 or 
higher after a precipitation heat treatment. 

11. A phosphorus-doped silicon single crystal wafer, 
which is obtained by slicing a silicon single crystal 
ingot grown by the Czochralski method with nitro- 
gen doping. 

12. The phosphorus-doped silicon single crystal wafer 
according to Claim 11, which has an oxygen con- 
centration of 18 ppma or less. 

13. The silicon single crystal wafer according to any 
one of Claims 3, 4, 8, 9, 11 and 12. wherein the 
nitrogen concentration in the silicon single crystal 
wafer is 1 x 10 10 to 5 x 10 15 atoms/cm 3 . 

14. The silicon single crystal wafer according to any 
one of Claims 3, 4, 8, 9. 11. 12 and 13, wherein the 
silicon single crystal wafer is subjected to a heat 
treatment at a temperature of from 900°C to the 
melting point of silicon. 

15. An epitaxial silicon single crystal wafer, wherein an 
epitaxial layer is formed on a surface of the silicon 
single crystal wafer according to any one of Claims 
1-14. 
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16. A method for producing a boron-doped silicon sin- 
gle crystal wafer having a resistivity of from 10 
mft • cm to 1 00 mfl - cm, which comprises growing 
a silicon single crystal ingot doped with boron and 
nitrogen by the CzochralsW method, and slicing the 
silicon single crystal ingot into a silicon single crys- 
tal \ 



17. The method according to Claim 16. wherein the 
oxygen concentration in the silicon single crystal 10 
ingot is controlled to be 16 pprna or less when the 
single crystal ingot doped with nitrogen is grown by 
the CzochralsW method. 

18. A method for producing an antimony-doped silicon is 
single crystal wafer, which comprises growing a sil- 
icon single crystal ingot doped with antimony and 
nitrogen by the CzochralsW method, and slicing the 
silicon single crystal ingot into a silicon single crys- 
tal wafer. 20 

19. The method according to Claim 18. wherein the 
oxygen concentration in the silicon single crystal 
ingot is controlled to be 20 pprna or less when the 
single crystal ingot doped with nitrogen is grown by 25 
the CzochralsW method. 

20. A method for producing a phosphorus-doped sili- 
con single crystal wafer, which comprises growing a 
silicon single crystal ingot doped with phosphorus 30 
and nitrogen by the CzochralsW method, and slicing 

•-, the silicon single crystal ingot into a silicon single 
crystal \ 



21. The method according to Claim 20. wherein the 
oxygen concentration in the silicon single crystal 
ingot is controlled to be 18 pprna or less when the 
single crystal ingot doped with nitrogen is grown by 
the CzochralsW method. 



40 



22. The method according to any one of Claims 16-21 , 
wherein the doping with nitrogen is performed so 
that the nitrogen concentration in the slicon single 
crystal ingot should be 1 x 10 10 to 5 x 10 15 
atoms/cm 3 when the single crystal doped with n'rtro- 4s 
gen is grown by the CzochralsW method. 

23. The method according to any one of Claims 16-22, 
wherein the silicon single crystal wafer is subjected 

to a heat treatment at a temperature of from 900°C so 
to the melting point of silicon. 

24. A method for producing an epitaxial silicon single 
crystal wafer, which comprises producing a silicon 
single crystal wafer by the method for producing a ss 
silicon single crystal wafer according to any one of 
Claims 16-23, and forming an epitaxial layer on a 
surface of the silicon single crystal wafer. 
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FIG.3 

O EPITAXIAL GROWTH TEMPERATURE = 12QQT; 
A EPITAXIAL GROWTH TEMPERATURE.' = 1 1 2 S 15 



I 1 1 


. 1 1 r— 

UPPER MEASUREMENT LIMIT OF OPP METHOD 


1 1 llll 


© 6 






1 1 III 

) 




1 1 III 

> ( 


WAFERS DOPED WITH. NITROGEN 


1 
1 

i 1 

i 

llll 1 1 


L _.. 1 1 . 



WITHOUT WITH NITROGEN DOPING WITH NITROGEN DOPING 

NITROGEN DOPING 1.0 x 10" atoms/cm 3 5.0 x 10" atoms/cm* 



18 



EP 1 035 236 A1 



FIG.4 



O EPTBUOAL GROWTH TEMPSEATOBS- UTITC 
A EPITAXIAL GROWTH TEMPERATURE ■» 1 IMt 



! 1 • 

UP 


I 

MEASUREMENT L 


IMIT OF OFP METHOD 


i 


■ i rim 


8 


8 




5 








f 

K « 








) 

nun 




WAFERS DOPED WT 


NITROGEN 


s 


" 1 




i 



NITROGEN DOPING NITROGEN DOPING NITROGEN DOPING NITROGEN DOPING 

WITH WITH 5.0 x X0 U atomtem* 5 0 x 10 14 atoma/cm 1 

IG HEAT TREA1MBNT IG HEAT TREATMENT WITHOUT P&E-HEAT WTTHPRE-HEAT 

TREATMENT BEFORE TREATMENT BEFORE 

EPITAXIAL GROWTH EPITAXIAL GROWTH 



19 



EP 1 035 236 A1 



INTERNATIONAL SEARCH REPORT 



1 appticatioa No. 

PCT/JP99/ 04652 



nC CLASSIFICATION OF SUBJECT MATTER 

int. CI* C30B29/06, H01L21/322 



1 Aoggdgitoj 



Oawi6rafwm(IPC)ortebomn«tMB^ 



and IPC 



1 B. FIELDS SEARCHED 



0mmsm ^ ^^»d (ctaaaifcation system followed by 
int. CI* C30B1/00-35/00, H01L21/322 



ttK enmm m a t sach documents are included in Che fickfti aaarvnod 
Jitsuvo Stxinan Koho 1926-1996 Toroku Jitmiyo Shinan Koho 1994-1999 

KtokaiJitmiyo Koho 1971-1999 Jitsuyo Shinan TOroku Koho 1996-1999 



CAS ONLINE 

si. sb, p. bmd. osf, dop?. density 



lc DOCUMENTS OONS1PBRBP TO BE RELEVANT 



X 
A 



PX 



JP, 09-298135, A (Sumitomo Sitix corporation}" 
18 November, 1997 (18.11.97). 

Claim 1; column 4 t lines 42-43 # Fig. 2 (Familyt none) 

JP. 10-303208, A (TOSHIBA CORPORATION) , 
13 November, 1998 (13.11.98), 

Claims 1, 2, 4, 5, 7, and 9, Par. Noa. [0015] to (00191, 
Pigs. 1, 2 (Family: none) 



i No, 



1,2.15 
3-14,16-24 



1,2,10.15 
3-9,11-14. 
16-24 



[ □ Ftamorooanoeoeafelaiedinmac 



□ SotpeeattfanaJyainiex. 



• «f*«*twfcte*»aot 



imkeof. 



"P MSI 

wsm?mp^ MI < 



I n iwl ere 



i(«smmO 
cnriettoni otiH 



• Wng« 



r of ma ■ 



toffee actual 
24 



, 1999 (24.11.99) 



of mailmg of me imenrntfeeal smrch report 
07 December. 1999 (07.12.99) 



frcaeofmelSAy 
Japanese Patent Office 

■ No. 



No. 



Form PCT/BA/210 (second them) (July 1992) 



20 



BNSDOCID: <EP_„ 1035236A1J > 



